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COOLED TURBINE ASSEMBLY 



The present invention relates to a cooled turbine 
assembly for use in a gas turbine engine. The invention 
5 has particular efficacy when used in a gas ' turbine engine 
for the purpose of powering an aircraft. 

It is known to provide air from a compressor of an 
associated gas turbine engine , for the purpose of cooling 
the engine turbine structure, ie at least the respective 
0 first high pressure high temperature stage of nozzle guide 
vanes, and/or the immediately following high pressure high 
temperature stage of turbine blades. Cooling is achieved 
by passing air bled from the compressor into passageways 
formed in the aerofoils of the respective vanes and blades, 
5 then ejecting the air into the gas annulus via slots in the 
trailing edges of the aerofoils. 

Some turbine designs incorporate a stage of turbine 
blades which lie in a gas. annulus, wherein that part of 
which surrounding the stage of blades, is constructed from 
a number of segments known as shroud segments. The known 
method of cooling such a structure is to provide a flow of 
compressor air over the radially outer surface of the 
segments, the flow path being defined between those 
radially outer surface and a surrounding casing. 

The present invention seeks to provide an improved 
cooled turbine structure. 

According to the present invention a cooled turbine 
structure comprises adjacent stages of guide vanes and 
turbine blades, wherein said turbine blades are surrounded 
in spaced relationship by hollow shroud segments that are 
connected via respective upstream ends to said guide vanes, 
leaked air from a central spaced volume in a gas turbine 
engine when operatively associated therewith, the passage 
of said leaked air from said central space volume to said 
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edges. ? " " ^ "active downstream 

The invention win now be d 
and with refe — - Ascribed by way of example 

Figure ^7s 7 I!" 5CC ° rapanying draWi ^ S ' - which: 
y j. is a dxagrammatic view - 

engine of the hind appropriate for rh 

a cooled turbine structure in h" lnClUSiOT ° f 

invention accordance with the present 



invention 
Pi 



turM.e tLcturV" °< 
Figure 3 aCC ° rda " Ce ^ P ™ 
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Referring to Figure 1 a aas f, lpW 

a gas turbine engine 10 includes 
compressor io ^'^-J-uues 
- essor 12, combustion equipment 14 a r k- 
struc-.re -| ,c . a turbine 

" 16 ' and an exhaust duct 18 
20 struc-'ire ifi h The tu ^bine 

rS 16 ' has a stage of guide vanes ?n • 
followed by a staae nf «- ■ ■ ' lmmedla tely 

Y a stage of turbine blades 22 th P i a n- 
connected to a rotary shaft 24 ■ ^ 
, , Y Shaft 24 ' Vla a rotor disk 26 

is " ^ F±gUre 2 the Sta ^ of turbine blades 2, 

is surrounded in radian,, , es 22 

22 rotates a " nUlUS 3 ° ^de stage 

lach shroud segment 28 is hollow and in fh» 
example its interior is divided by a „ al , " * P ™ 
30 inner oompartments 32 and 3< with respect to th ^ ^ 
shaft 24. Compartments 32 and 3 T " °' 

serie-- h„ - , , re connected in flow 

by a Plurality of small holes 38 in th • 
"ail 31 and wall 31 their di ^ing 
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Referring back to Figure 2 the leading edge 40 of each 
shroud segment 28 locates in a slot 42 that expands 
laterally of the axis of a respective tube 44 at -its outer 
end, one of which tubes resides within each guide vane 20. 
5 The radially inner end of each ' tube 44 projects into a 
common annular compartment 46, which is . provided for the 
receipt of contaminated air that during operation of the 
• engine "10 leaks through various seal structures (not shown) 
within the general engine structure and collects- in the 
10 space volume 4 8 between the combustion equipment 14 and 
shaft 24 (Figure 1) . 

During the said operation of engine 10 air 
deliberately bled from compressor 12 is passed through 
pipes 50, only one of which is shown, and which terminate 
15 in swirl vanes 52. The majority of the bled air on exiting 
the swirl vanes 52, flows through passageways 54 and 56 
into the interior of the aerofoil of each turbine blade 22 
so as to cool them in known manner. The remainder of the 
bled air leaks through seal 58 to augment the contaminated 
20 air in compartment 46. The mixed flow then passes through 
pipes 44 into the outer compartments 32 in respective 
shroud segments 28 and thence via holes 38 into the inner 
compartments 34 to impingement cool the shroud segments 28 
inner walls. The mixed flow then passes around pillars 39 
25 which generates turbulence in the flow, thus increasing 
cooling efficiency and finally exits the shroud segments 28 
via slots 60 in their trailing edges into the gas annulus. 

During engine operation the gas flow passes across the 
exit slots 60 and generates a' pressure drop in that region. 
30 This phenomenon boosts the mixed flow rate through pipes 44 
and so ensures efficient cooling of the shroud segments 28. 
Moreover use of leaked air as the .main cooling medium for 
that purpose, obviates the need to provide a further 
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dedicated compressor bleed su P pl y thus enabling more 
ettacient engine operation. 

If a slam acceleration is needed during operation of 
engine 10 the resulting surge of fuel into L 

. y 1 ruel lnt ° the combustion 

fe ; o hroughout the turbi - Turhine blade stage 

_22 rotates at a greater speed „ hich incr6ases 9 
f0r ° e there °" « usi ^ "^e turbine blades to 

react"" ^ ^ — s 20 

react to the increased heat by extending even faster thus 

IT; 9 SS9mentS 28 radi3llY ° UtW " dS ° f the - 9 ine 

" 36 ab ° Ut ^ ^wnstream ends. To facilitata th . 
pivoting movement the air iniet ends 40 or shroud segments 

is lots 42 curv ; so as to provide point <»** — 

b ! S ^ CheSe — - ~"i-iO" between the tips of 

blades 22 and shroud segments 28 is avoided. 

The pivoting capability of the shroud segments 28 as 
described immediately hereinbefore also ' enables the 

20 =d ° Ptl ° n ° f ""*"« — ly the cooling of the 

20 casing 64 that surrounds the shroud 

Lne snroud segments 28 and 
supports their downstream ends 65 

fk . , . . 66 - If casing 64 is cooled 

the vicinity of the shroud segments 28 at least during 
normal running of engine 10 shro ud segments 28 will be 
maintained close to the tips of blades 22 thus avoiding 
2- excessive clearances and subseguent loss in performance. 

Shroud segments 28 have been described hereinbefore as 
having divided interiors to define compartments 32 and 34 
owe they CQUld have ^^^^ <not • 

in such en arrangement it would be beneficial to retain the 
30 Pillars 38 so as to maintain strength and turbulence 
propagation. uuxence 



Claims 

1. A ccoled turbine structure comprising adjacent stages 
of guide vanes and turbine , blades , wherein said turbine 
blades are surrounded in spaced relationship by hollow 
5 shroud segments, that are connected via respective upstream 
ends to said guide vanes leaked air from a central space 
volume in a gas turbine engine when operatively associated 
— . — w..-., — f ^ax^ j^^-^^oi^c: <j j. ocu_o xocijvcrva air lioirt saia cenirai 
space volume to said hollow shroud segment interiors being 
0 enabled by pipe members extending through said guide vanes 
which ccr.nect said space volume and said hollow shroud 
segment interiors' in flow series and wherein said shroud 
segments include a leaked air exit aperture in their 
respective downstream edges. 
5 2. A ccoled turbine structure as claimed in claim 1 
wherein each hollow shroud segment interior includes a 
dividing wall so as to provide radially inner and outer 
compartments with respect to the axis of rotation of a gas 
turbine engine when associated therewith. 
) 3. A ccoled turbine structure as claimed in claim" 2 
wherein said dividing wall has multiple perforations 
therein so as to enable leaked air to flow from one 
compartment to the other compartment. 

4. A ccoled turbine structure as claimed in claim 3 
wherein zr.e direction of flow- from one compartment to the 
other compartment is radially inward with respect to the 
axis of rotation of a gas turbine engine when associated 
therewith. 

5. A ccoled turbine structure as claimed in claim 4 
wherein said leaked air exit apertures connect said 
radially compartment with the gas annulus of a gas turbine 
engine when associated therewith. 
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6 A cooled turbine structure as claimed ^ ^ 

I" 5 ;" 61 " eaCh d ^ di "* «U is spaced fro m its 

associated inner wall by pillars. 

7- A cooled turbine structure ' i • 
5 claim • ^ aS claim ^ m any previous 

claim wherein thp 

the leaked air inlet end of each shroud 

segment is shaped so as to o„„ 

. . P so as to engage said pipe members by 

point contact only. y 

£ - - a . cooled t 111 -^-'' c-i- 

~~" w ° Ure 55 claimed in claim 7 

"herern the shroud segmeMs are pivQtai 

0 extension of their r^or^~+. ■ 

Lneir respective quide van***? n - -f « 

^ ue vanes if exposed to 

excessive heat, said extension pivots said shroud secants 
away fro m the tips of their adjacent turbine blades 
9. A cooled turbine structure co mp risin g a sta g e of guide 
vanes and staoe of turbine blades surrounded by shroud 
scents substantially as described in this specification 
and „th reference tc F i gur es 2 and 3 of the accompanying 
drawings. y y 

St^UCt k"^ 1 " 6 Sn9ine inClUdi " 9 ' C ° 0i - t»*i M 

St ucture substantially . as described in this specification 
an wrth reference to Pi g ures ! to 3 of the acco m panyin g 
drawings. y y 



ABSTRACT 



A gas turbine engine (10) is provided with a stage of 
turbine blades (22) surrounded by hollow shroud segments 
(28) . Cooling of the shroud segments (28) is achieved by 
providing a flow of engine leakage air from space volume 
(48) centrally of the engine (10) via an annular 
compartment (4 6) wherein it is diverted away from the blade 
cooling system and passed via piping (44) within each guide 
vane (20) to shroud segments (28) . The flow impingement 
cools the shroud segments (28) and then passes into the gas 
annulus via slots (60). 
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